Gastroenterology by Villablanca, Eduardo J. et al.
Online references: 
51. Kunkel EJ, Butcher EC. Chemokines and the tissue-specific migration of lymphocytes. Immunity 2002;16:1-4. 
52. Sans M, Danese S, de la Motte C, de Souza HS, Rivera-Reyes BM, West GA, Phillips M, Katz JA, Fiocchi C. Enhanced recruitment of 
CX3CR1+ T cells by mucosal endothelial cell-derived fractalkine in inflammatory bowel disease. Gastroenterology 2007;132:139-53. 
53. Fong AM, Robinson LA, Steeber DA, Tedder TF, Yoshie O, Imai T, Patel DD. Fractalkine and CX3CR1 mediate a novel mechanism of 
leukocyte capture, firm adhesion, and activation under physiologic flow. J. Exp. Med. 1998;188:1413-1419. 
54. Kostadinova FI, Baba T, Ishida Y, Kondo T, Popivanova BK, Mukaida N. Crucial involvement of the CX3CR1-CX3CL1 axis in dextran 
sulfate sodium-mediated acute colitis in mice. J Leukoc Biol 2010;88:133-43. 
55. Adams DH, Eksteen B. Aberrant homing of mucosal T cells and extra-intestinal manifestations of inflammatory bowel disease. Nat Rev 
Immunol 2006;6:244-51. 
56. Stallmach A, Hagel S, Bruns T. Adverse effects of biologics used for treating IBD. Best Pract Res Clin Gastroenterol 2010;24:167-82. 
57. Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Kornbluth A, Rachmilewitz D, Lichtiger S, D'Haens G, Diamond RH, Broussard 
DL, Tang KL, van der Woude CJ, Rutgeerts P. Infliximab, azathioprine, or combination therapy for Crohn's disease. N Engl J Med 
2010;362:1383-95. 
58. Diak P, Siegel J, La Grenade L, Choi L, Lemery S, McMahon A. Tumor necrosis factor alpha blockers and malignancy in children: forty-
eight cases reported to the Food and Drug Administration. Arthritis Rheum 2010;62:2517-24. 
59. Massberg S, von Andrian UH. Fingolimod and sphingosine-1-phosphate--modifiers of lymphocyte migration. N Engl J Med 2006;355:1088-
91. 
60. Schon MP, Drewniok C, Boehncke WH. Targeting selectin functions in the therapy of psoriasis. Curr Drug Targets Inflamm Allergy 
2004;3:163-8. 
61. Lebwohl M, Tyring SK, Hamilton TK, Toth D, Glazer S, Tawfik NH, Walicke P, Dummer W, Wang X, Garovoy MR, Pariser D. A novel 
targeted T-cell modulator, efalizumab, for plaque psoriasis. N Engl J Med 2003;349:2004-13. 
62. Sawicka E, Zuany-Amorim C, Manlius C, Trifilieff A, Brinkmann V, Kemeny DM, Walker C. Inhibition of Th1- and th2-mediated airway 
inflammation by the sphingosine 1-phosphate receptor agonist FTY720. J. Immunol. 2003;171:6206-6214. 
63. Waldman E, Lu SX, Hubbard VM, Kochman AA, Eng JM, Terwey TH, Muriglan SJ, Kim TD, Heller G, Murphy GF, Liu C, Alpdogan O, 
van den Brink MR. Absence of beta7 integrin results in less graft-versus-host disease because of decreased homing of alloreactive T cells to 
intestine. Blood 2006;107:1703-11. 
64. Kavanaugh AF, Davis LS, Nichols LA, Norris SH, Rothlein R, Scharschmidt LA, Lipsky PE. Treatment of refractory rheumatoid arthritis 
with a monoclonal antibody to intercellular adhesion molecule 1. Arthritis Rheum 1994;37:992-9. 
Supplementary materials (online references, supp. tables)
65. Hamamoto N, Maemura K, Hirata I, Murano M, Sasaki S, Katsu K. Inhibition of dextran sulphate sodium (DSS)-induced colitis in mice by 
intracolonically administered antibodies against adhesion molecules (endothelial leucocyte adhesion molecule-1 (ELAM-1) or intercellular 
adhesion molecule-1 (ICAM-1)). Clin Exp Immunol 1999;117:462-8. 
66. Burns RC, Rivera-Nieves J, Moskaluk CA, Matsumoto S, Cominelli F, Ley K. Antibody blockade of ICAM-1 and VCAM-1 ameliorates 
inflammation in the SAMP-1/Yit adoptive transfer model of Crohn's disease in mice. Gastroenterology 2001;121:1428-36. 
67. Yacyshyn BR, Bowen-Yacyshyn MB, Jewell L, Tami JA, Bennett CF, Kisner DL, Shanahan WR, Jr. A placebo-controlled trial of ICAM-1 
antisense oligonucleotide in the treatment of Crohn's disease. Gastroenterology 1998;114:1133-42. 
68. Schreiber S, Nikolaus S, Malchow H, Kruis W, Lochs H, Raedler A, Hahn EG, Krummenerl T, Steinmann G. Absence of efficacy of 
subcutaneous antisense ICAM-1 treatment of chronic active Crohn's disease. Gastroenterology 2001;120:1339-46. 
69. Yacyshyn BR, Chey WY, Goff J, Salzberg B, Baerg R, Buchman AL, Tami J, Yu R, Gibiansky E, Shanahan WR. Double blind, placebo 
controlled trial of the remission inducing and steroid sparing properties of an ICAM-1 antisense oligodeoxynucleotide, alicaforsen (ISIS 
2302), in active steroid dependent Crohn's disease. Gut 2002;51:30-6. 
70. van Deventer SJ, Tami JA, Wedel MK. A randomised, controlled, double blind, escalating dose study of alicaforsen enema in active 
ulcerative colitis. Gut 2004;53:1646-51. 
71. von Andrian UH, Engelhardt B. Alpha4 integrins as therapeutic targets in autoimmune disease. N. Engl. J. Med. 2003;348:68-72. 
72. Ghosh S, Goldin E, Gordon FH, Malchov HA, Rask-Madsen J, Rutgeerts P, Vyhnalek P, Zadorova Z, Palmer T, Donoghue S. Recombinant 
humanized antibody to a4 integrin (Natalizumab) in the treatment of active Crohn's disease. N. Engl. J. Med. 2003;348:24-321. 
73. Sandborn WJ, Colombel JF, Enns R, Feagan BG, Hanauer SB, Lawrance IC, Panaccione R, Sanders M, Schreiber S, Targan S, van Deventer 
S, Goldblum R, Despain D, Hogge GS, Rutgeerts P. Natalizumab induction and maintenance therapy for Crohn's disease. N Engl J Med 
2005;353:1912-25. 
74. Targan SR, Feagan BG, Fedorak RN, Lashner BA, Panaccione R, Present DH, Spehlmann ME, Rutgeerts PJ, Tulassay Z, Volfova M, Wolf 
DC, Hernandez C, Bornstein J, Sandborn WJ. Natalizumab for the treatment of active Crohn's disease: results of the ENCORE Trial. 
Gastroenterology 2007;132:1672-83. 
75. Gordon FH, Hamilton MI, Donoghue S, Greenlees C, Palmer T, Rowley-Jones D, Dhillon AP, Amlot PL, Pounder RE. A pilot study of 
treatment of active ulcerative colitis with natalizumab, a humanized monoclonal antibody to alpha-4 integrin. Aliment Pharmacol. Ther. 
2002;16:699-705. 
76. Miller DH, Khan OA, Sheremata WA, Blumhardt LD, Rice GP, Libonati MA, Willmer-Hulme AJ, Dalton CM, Miszkiel KA, O'Connor PW. 
A controlled trial of natalizumab for relapsing multiple sclerosis. N. Engl. J. Med. 2003;348:15-23. 
77. Yednock TA, Cannon C, Fritz LC, Sanchez-Madrid F, Steinman L, Karin N. Prevention of experimental autoimmune encephalomyelitis by 
antibodies against 41 integrin. Nature 1992;356:63-66. 
78. Van Assche G, Van Ranst M, Sciot R, Dubois B, Vermeire S, Noman M, Verbeeck J, Geboes K, Robberecht W, Rutgeerts P. Progressive 
multifocal leukoencephalopathy after natalizumab therapy for Crohn's disease. N Engl J Med 2005;353:362-8. 
79. Yousry TA, Major EO, Ryschkewitsch C, Fahle G, Fischer S, Hou J, Curfman B, Miszkiel K, Mueller-Lenke N, Sanchez E, Barkhof F, 
Radue EW, Jager HR, Clifford DB. Evaluation of patients treated with natalizumab for progressive multifocal leukoencephalopathy. N Engl 
J Med 2006;354:924-33. 
80. Laroni A, Bedognetti M, Uccelli A, Capello E, Mancardi GL. Association of melanoma and natalizumab therapy in the Italian MS 
population: a second case report. Neurol Sci 2010. 
81. Ismail A, Kemp J, Sharrack B. Melanoma complicating treatment with natalizumab (tysabri) for multiple sclerosis. J Neurol 2009;256:1771-
2. 
82. Takazoe M, Watanabe M, Kawaguchi T, al. e. Oral alpha-4 integrin inhibitor (AJM300) in patients with active Crohn’s disease—A 
randomized, double-blind, placebo-controlled trial. Gastroenterology 2009;136:A181 (Abstract S1066). 
83. Major EO. Progressive multifocal leukoencephalopathy in patients on immunomodulatory therapies. Annu Rev Med 2010;61:35-47. 
84. Feagan BG, Greenberg GR, Wild G, Fedorak RN, Pare P, McDonald JW, Dube R, Cohen A, Steinhart AH, Landau S, Aguzzi RA, Fox IH, 
Vandervoort MK. Treatment of ulcerative colitis with a humanized antibody to the alpha4beta7 integrin. N Engl J Med 2005;352:2499-507. 
85. Feagan BG, Greenberg GR, Wild G, Fedorak RN, Paré P, McDonald JW, Cohen A, Bitton A, Baker J, Dubé R, Landau SB, Vandervoort 
MK, Parikh A. Treatment of active Crohn's disease with MLN0002, a humanized antibody to the alpha4beta7 integrin. Clin Gastroenterol 
Hepatol 2008;6:1370-7. 
86. Vermeire S, Ghosh S, Panes J, al. e. Safety and efficacy of PF-00547,659, a fully human anti-MAdCAM antibody, in ulcerative colitis. 
Results of a first in human study. Gastroenterology 2009;136:A181 (Abstract S1066). 
87. Walters MJ, Wang Y, Lai N, Baumgart T, Zhao BN, Dairaghi DJ, Bekker P, Ertl LS, Penfold ME, Jaen JC, Keshav S, Wendt E, Pennell A, 
Ungashe S, Wei Z, Wright JJ, Schall TJ. Characterization of CCX282-B, an orally bioavailable antagonist of the CCR9 chemokine receptor, 
for treatment of inflammatory bowel disease. J Pharmacol Exp Ther 2010;335:61-9. 
88. Eksteen B, Adams DH. GSK-1605786, a selective small-molecule antagonist of the CCR9 chemokine receptor for the treatment of Crohn's 
disease. IDrugs 2010;13:472-781. 
89. Hadeiba H, Sato T, Habtezion A, Oderup C, Pan J, Butcher EC. CCR9 expression defines tolerogenic plasmacytoid dendritic cells able to 
suppress acute graft-versus-host disease. Nat Immunol 2008;9:1253-60. 
90. Wendland M, Czeloth N, Mach N, Malissen B, Kremmer E, Pabst O, Forster R. CCR9 is a homing receptor for plasmacytoid dendritic cells 
to the small intestine. Proc Natl Acad Sci U S A 2007;104:6347-52. 
91. Hamilton G. MM, Lahdeaho ML., Bashin M., Bekker P., Schall TJ. A randomized, double bling, placebo controlled, phase II study testing 
CCX282-B in the treatment of celiac disease. Gastroenterology 2008;134. 
 
Supplementary Table 1A. Currently used immunomodulatory therapies for IBD that do not primarily target leukocyte homing receptors (inhibitors 
of leukocyte traffic molecules were summarized separately in Table 2). 
 
Pharmacological Agent Indication Advantages Disadvantages/Side effects Ref. 
Classic anti-inflammatory/immunosuppressive drugs 
Aminosalicylates 
sulphasalazine Mild to-moderate UC and  
CD (?)  
 
Availability of oral and topical formulations selected 
principally on the basis of disease location 
Maintenance of remission controversial in 
CD. 
Therapeutic effecacy for 5-ASA may 
depend on the mucosal concentration  
1, 2 
5-aminosalicylic acid  
(5-ASA) 
Coticosteroids  
Moderated to-severe UC and 
CD 
Available in topical formulations. 
Suppress active inflammation in the acute setting 
Side-effect profile does not allow long-
term treatment. Possible high relapse rate. 
3 
Immunomodulation and/or inhibition of lymphocyte activation 
Thiopurines 
azathioprine 
Mild to-moderate UC and CD  
Effective maintenance 
immunosuppressant agents indicated for steroid-
dependent patients 
Slow onset of action and potential serious 
adverse events and toxicity (toxic 
hepatitis, pancreatitis and lymphopenia, 
opportunistic infections) 
4 
6-mercaptopurine 
Cyclosporin A 
 
 
Severe UC and CD refractory 
to conventional therapy 
Rapidly acting therapeutic agent 
Use restricted to hospitalized patients. 
Potential risks of hypertension, 
nephrotoxicity, electrolyte imbalance, 
encephalopathy, tremors, 
myelosuppression, opportunistic 
infections, and seizures. 
5, 6 
Methotrexate  Steroid-dependent CD Mainteinance of remission after successful induction 
Potential myelosuppression, 
hepatotoxicity, and teratogenic and 
abortigenic effects. 
7, 8 
 
Inhibitors of pro-inflammatory cytokines 
Target Biological agent Indication Mechanism Advantages Disadvantages/Side effects Ref. 
TNF-α blockers 
Infliximab 
 
Moderate to-severe 
UC/CD refractory to 
conventional therapy. 
 
Chimeric mAb targeting human 
TNF-. Binds soluble bioactive 
TNF in the intestinal mucosa 
neutrolizing its effect. Binds to 
membrane-bound TNF, 
leading to T cell apoptosis 
Long-term clinical benefit; 
permits the tapering of 
corticosteroids; 
effective in the treatment of 
extraintestinal IBD 
manifestations 
Drug-induced lupus acute infusion 
Reactions; delayed hypersensitivity 
reactions, demyeliniation; limited but real 
risk of infections, lymphoma, cardiac 
failure. 
9-12 
Adalimumab 
CD refractory to 
conventional therapy 
Fully human IgG1 anti-TNF-α 
mAb 
Well tolerated; decrease in 
immunogenicity compared 
to Infliximab 
Injection site reactions 
13 
 
 
 
Supplementary Table 1B. Promising immunomodulatory therapies in IBD. 
 
Target Biological agent Indication Mechanism Clinical Phase Advantages Disadvantages/Side effects Ref. 
Inhibitors of pro-inflammatory cytokines 
TNF-α blockers 
RDP58 
(delmitide acetate) 
Mild-to-moderate 
active UC 
 
Protease resistant 
decapeptide; inhibits 
synthesis of pro-
inflammatory cytokines 
(TNF, IFN-γ, IL-2, and 
IL-12) by blocking the 
formation of the MyD88-
IL-1 receptor-associated 
kinase (IRAK)-TRAF6 
cell signaling protein 
complex  
 
Phase III/IIIb 
oral solution; no systemic 
bioavailability; not 
immunogenic 
No major adverse events 
reported 
14 
Certolizumab pegol CD 
Humanized TNF-α Fab’ 
mAb fragment linked to 
polyethylene glycol 
Phase III (only in 
USA) 
Increased drug plasma half-
life 
Modest improvement in response 
rates;  
Risk of infections 
15, 16 
 
 
 
Supplementary Table 1C. Unsuccessful immunomodulatory therapies in IBD. 
 
Target Biologic Agent Indication Mechanism 
Clinical 
Phase 
Advantages Disadvantages/Side effects Ref. 
Inhibitor of T cell activation 
 IDEC-131 CD Anti-CD40Ligand 
Phase II 
discontinued 
 Thromboembolism 
17 
Anti-CD4 therapy 
cM-T412 CD/UC Anti-CD4 depleting mAb 
Phase I 
discontinued 
Short-term clinical 
improvement/remission 
CD4 lymphopenia 
18, 19 
MAX.16H5 and 
B-F5 
CD/UC 
Anti-CD4 non-depleting 
mAb 
Phase I 
discontinued 
Clinical improvement in UC CD4 lymphopenia 
20 
Anti-CD3 therapy Visilizumab (UhM291) 
Severe and 
refractory UC 
Humanized IgG2 Anti-
CD3e mAb; induces T cell 
apoptosis and enhances 
IL-10 secretion 
Phase III 
suspended 
Clinical response observed in 
the majority of patients 
Dose-limiting toxicities; 
Transient decrease in T 
lymphocyte counts; liver injury; 
cytokine-release symptoms 
21, 22 
Anti-inflammatory cytokines 
 rHuIL-10 Refractory CD 
Down-regulates 
lymphocytes activation 
Failed phase 
II/III 
Safe and well tolerated 
Ineffective even in oral 
formulation 
23 
 rhIL-11 
Mild to moderate 
active CD 
Enhance epithelial 
integrity 
Phase II/III 
Subcutaneous administration 
safe and well tolerated 
Minor injection site reactions 
24, 25 
 Adalimumab 
CD refractory to 
conventional 
therapy 
Fully human IgG1 anti-
TNF-α mAb 
Phase IV 
Well tolerated; decrease in 
immunogenicity compared to 
Infliximab 
Injection site reactions 
13 
Inhibitors of pro-inflamatory cytokine receptor      
 MRA Active CD 
Humanised IgG1 
monoclonal antibody to 
iIL-6 receptor; increases 
apoptosis of mononuclear 
cells. 
Phase II Well tolerated Efficacy not-definitely proven 
26 
Inhibitors of Th1 polarization 
 Fontolizumab 
Moderate-to-
severe active CD 
Humanized anti-IFN-g 
mAb 
Phase II 
Well tolerated, with a good 
safety profile. 
Efficacy not-definitely proven 
27, 28 
 ABT-874 Active CD 
Human anti-IL12/23 p40 
mAb 
Phase II  
Limited clinical response; 
Injection site reactions; antidrug 
antibodies development 
29 
Inhibitors of T cell proliferation 
Anti-IL-2 receptor therapy 
Daclizumab UC 
humanized IgG1 anti-IL-2 
receptor (CD25) mAb 
 
Phase II Clinical benefit Efficacy not-definitely proven  
Basiliximab UC 
chimeric monoclonal anti-
CD25 mAb 
Phase II 
Clinical remission in 
combination with steroid 
treatment 
Efficacy not-definitely proven  
        
Growth hormone and growth factors 
 
Somatropin (growth 
hormon) 
CD 
Stimulates production of 
insulin-like growth factor 
1; trophic for intestinal 
mucosa 
Phase II 
Clinical benefit with 
decreased disease score; 
improved diarrhea and overall 
well-being 
Efficacy not-definitely proven 
30 
 
Keratinocyte growth 
factor  
(Repifermin, KGF-2) 
Active UC 
Stimulates epithelial 
proliferation and repair 
through activation of PI3k/ 
AKT and MAPK pathway 
Phase II Safe and well tolerated 
No adverse effects; no proven 
efficacy over placebo 
 
 
Epidermal growth 
factor 
(EGF) 
UC 
Induces epithelial growth 
through activation of PI3k/ 
AKT and MAPK pathway  
Phase II 
Highly efficacious in patients 
with active distal UC 
Risk of malignant transformation 
in predisposed patients 
31 
 
Sargramostim  
(recombinant human 
GM-CSF) 
Steroid-
dependent CD 
Activates Jak/STAT 
pathway, PI3k/AKT, and 
MAPK; Immunostimulant 
effect on neutrophils;  
Phase II Well tolerated 
No clear benefit over placebo; 
Irritation at the injection site; bone 
pain; dyspnea 
32, 33 
 
Filgrastim 
(recombinant human  
G-CSF) 
CD 
Immunostimulant effect 
on neutrophils; prevents 
apoptosis in epithelial 
cells 
Phase II 
Clinical remission and 
mucosal healing  
Transient bone pain 
34 
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